The present study aimed to evaluate the impact of early surgical evacuation of sylvian hematoma caused by ruptured middle cerebral artery (MCA) aneurysm on clinical outcome after subarachnoid hemorrhage. Hospital records and computed tomography scans for 26 patients with MCA aneurysm who underwent surgical clipping between June 2001 and January 2008 were retrospectively reviewed. All patients presented with sylvian hematoma associated with subarachnoid hemorrhage and received surgery at 7.9 ± 3.6 (mean ± standard deviation) hours of ictus. They were divided postoperatively into two groups, achievement (n ＝ 16) and non-achievement (n ＝ 10) of extensive hematoma evacuation, and their clinical course and functional outcomes were compared. The frequencies of delayed ischemic neurological deficit and vasospasm-related cerebral infarction were significantly less (p º 0.05) in the achievement group. Better functional outcomes were obtained in patients with successful evacuation (p º 0.05), as assessed by improvement of hemiparesis on manual muscle testing scale at postoperative 1-month follow up and by the modified Rankin scale at postoperative 3 and 6 months. Clinical outcomes were also better in the achievement group. These results suggest that better clinical course and outcome can be expected in patients who undergo early successful hematoma evacuation with surgical clipping of a ruptured MCA aneurysm.
Introduction
Dense focal hematoma is frequently observed in the sylvian fissure and/or the temporal lobe after rupture of middle cerebral artery (MCA) aneurysm. Sylvian hematoma is a negative prognostic factor associated with mortality rates of 21% to 85%, even after successful aneurysm clipping and simultaneous hematoma evacuation. 9, 10, 16, 17, 21, 25) Patients with sylvian hematoma have higher rates of perioperative complications and poorer outcomes than those with temporal lobe intracerebral hematoma (ICH) from ruptured MCA aneurysms. 17,21) Emergency surgery within 6 to 12 hours of bleeding onset is particularly indicated in cases of sylvian hematoma to prevent irreversible brain damage and serious cerebral edema associated with progression of hematoma. 1, 21) However, clinical results to date have been unsatisfactory, possibly due to technical difficulties in early surgical removal arising from increased intracranial pressure (ICP) and subarachnoid adhesions if the clots are very firm and massively distributed over the distal sylvian fissure or within the pia mater. Such residual hematoma may result in rebleeding, subsequent brain edema, and symptomatic cerebral vasospasm. 17, 23, 27) We recently proposed a strategy to improve the treatment outcome of subarachnoid hemorrhage (SAH) patients with sylvian hematoma associated with ruptured MCA aneurysms, comprising early surgical evacuation prior to hematoma expansion; extensive removal of any dense subarachnoid and subpial clots extending to the anterior, posterior, and superior limiting sulcus of the insular cortex; and coagulation of bleeding pial vessels injured by the impact of aneurysm rupture. 12, 24) The present single-center, retrospective study analyzed our clinical experience with this strategy in combination with aneurysm clipping with regard to the clinical course and outcome after SAH. II. Definition and assessment of sylvian hematoma Patients were divided into two groups, achievement or non-achievement of hematoma evacuation, based on CT findings of pre-and postoperative hematoma distribution. Extension of sylvian hematoma was divided into anterior, posterior, and superior directions along the limiting sulcus of the insular cortex (Fig. 1A) , and was scored based on distribution (cm) in the anterior and posterior directions and hematoma thickness (defined as the maximum diameter at the level of corona radiata) in the superior direction. Hematoma was considered as residual if postoperative CT still showed localized T. Mutoh et al.
hematoma À2 cm in either distribution or thickness. Hematoma volumes were determined preoperatively using semiautomated segmentation and/or freehand tracing tools in the region of interest (ROI) module with software (OsiriX) running on a Macintosh computer (Apple Inc, Cupertino, Calif., U.S.A.). ROI volume was calculated by multiplying the thickness of the acquired section by the area. 19) Due to the inconsistencies in the calculation of postoperative hematoma volume (variability in clot densities and associated difficulties in freehand tracing), assessment of hematoma evacuation in this study was quantified using preoperative and postoperative change (D cm) in hematoma extension in each direction along the limiting sulcus of the insular cortex.
III. Evacuation procedure
The extent of clot removal was decided by the operating surgeon, based primarily on technical difficulties associated with firmness of hematoma clots, surgical instrumentation, and experience with hematoma evacuation procedures. Intraoperative fibrinolysis for subarachnoid clots, hematoma, and cisterns was performed in all cases by intermittent irrigation with tissue plasminogen activator (Cleactor; Eisai Co. Ltd., Tokyo at a concentration of 100,000 IU in 500 ml of 0.9% saline solution. A highpressure irrigation system (Suction Plus; Codman, Johnson & Johnson Co. Ltd., Tokyo) was used to assist with irrigation and suction. Extensive removal of subarachnoid and subpial clots was performed as far as possible, extending to the limiting sulcus of the insular cortex and coagulated injured subpial vessels projecting to the hematoma without damaging the sylvian veins to prevent further rebleeding and associated hematoma expansion.
IV. Clinical management
Immediately after brief neurological and systemic preoperative examination, patients were deeply sedated to prevent aneurysm rerupture. After verification of the aneurysm on DSA, aneurysm clipping combined with simultaneous hematoma evacuation was performed via pterional craniotomy with a distal transsylvian approach. At the end of the operation, the cisterns were irrigated systematically and a cisternal drain was inserted for postoperative cerebrospinal fluid drainage. This was usually removed within 5 days, but spinal drainage was continued after removal of the cisternal drain when necessary to control ICP. Such drainage was tapered off until removal at postoperative day 14 or otherwise converted to a ventriculoperitoneal (VP) shunt for normal pressure hydrocephalus.
Patients were followed up with daily transcranial Doppler (TCD) over the temporal bone windows using standard criteria for angiographic vasospasm. 20) On postoperative days 7 and 14, routine screening with diffusion-weighted magnetic resonance (MR) imaging with MR angiography and stable technetium-99m hexamethylpropyleneamine oxime single photon emission computed tomography was performed for evaluation of post-SAH vasospasm. If mean blood flow velocity was À120 cm/sec or had increased by 50 cm/sec on TCD within 24 hours, the schedule for imaging studies was brought forward. Delayed ischemic neurological deficit was defined as worsening of neurological condition that could not be attributed to systemic or postoperative complications. Patients who become symptomatic with delayed ischemic neurological deficit due to vasospasm were placed on a continuous intravenous infusion of dobutamine under the standard hyperdynamic therapy approach to medical management of cerebral vasospasm at our institute. 6) V. Data analysis The following information was recorded for each patient: age, sex, World Federation of Neurosurgical Societies (WFNS) grade, 4) side of aneurysm, time from symptom onset to surgery, requirement for decompressive surgery and VP shunt surgery, distribution and volume of hematoma, hemiparesis, vasospasm, and outcome. The incidences of TCDdetected angiographic vasospasm and delayed ischemic neurological deficit, occurrence of infarction attributed to vasospasm, changes in hemiparesis on the side affected by the hematoma between admission and at 1 month as assessed by manual muscle testing (MMT) (rating scale: 5, Patient can hold position against maximum resistance and through complete range of motion; 4, Patient can hold position against strong to moderate resistance, with full range of motion; 3, Patient can tolerate no resistance but can perform the movement through the full range of motion; 2, Patient has all or partial range of motion in the position with gravity eliminated; 1, The muscle/muscles can be palpated while the patient is performing the action in the position with gravity eliminated; and 0, No contractile activity can be felt in the position with gravity eliminated), 11) and functional outcomes at postoperative 3 and 6 months determined according to the modified Rankin scale (mRS; 0, full recovery-6, death; poor outcome defined as death or severe disability [4] [5] [6] ) 26) were evaluated. For comparisons of hematoma distribution, MMT and mRS, differences (D post-pre) between each variable before (on admission) and after surgery (on initial examination after full recovery from anesthesia) were analyzed. 
Results
Extensive evacuation of sylvian hematoma was achieved following surgical clipping of a ruptured (Fig. 2) . However, residual hematoma (AE2 cm) was evident in 10 patients according to the criteria for postoperative CT findings (Fig. 3) . These patients had thick intrasylvian hematoma that could not be removed easily due to firm clot around the subpial vessels, and 2 of the 10 patients also exhibited postoperative hematoma expansion. A total of 3 patients required second surgery for decompressive craniectomy due to postoperative hematoma expansion or severe brain swelling without hematoma expansion (Fig. 4) . No patients with successful evacuation suffered such severe postoperative events.
MCA aneurysm in 16 patients
The averaged pre-and postoperative distributions of sylvian hematoma are shown in Fig. 1B and Table  1 . There were no significant differences in preoperative distribution of hematoma between the groups with and without successful hematoma evacuation (p À 0.05 for all directions). In the successful evacuation group, hematoma was most effectively removed in the posterior limiting sulcus of the insular cortex (p º 0.05) ( Table 1) .
There were no significant differences between the achievement and non-achievement of hematoma evacuation groups regarding admission data, including age, sex, WFNS grade, side of aneurysms, and time to surgery (p À 0.05 for all parameters). Decompression with craniectomy and duraplasty using the pericranium was performed simultaneously in 4 patients (2 in the achievement group, 2 in the nonachievement group; p ＝ 0.50) due to brain swelling at surgical closure preventing restoration of the bone flap. Normal pressure hydrocephalus requiring VP shunt surgery developed in the chronic stage in 23% (n ＝ 6) of all patients, with no significant difference in incidence between the groups (p ＝ 0.13) ( Table 1) .
The incidences of angiographic vasospasm, delayed ischemic neurological deficits (p ＝ 0.03), and associated infarction (p ＝ 0.03) tended to be lower in patients with successful hematoma evacua- Table 1) . Analysis of motor function on the side affected by hematoma and aneurysm rupture according to MMT score at 1 month and functional outcomes determined by mRS score at the 3-and 6-month follow up yielded positive findings favoring hematoma evacuation. In patients with any hemiparesis detected during hospitalization, significant improvement of MMT scores (p ＝ 0.0003) was demonstrated in the group with successful evacuation (Fig.  5) . Although length of hospital stay did not differ significantly between groups (p ＝ 0.30), better functional outcomes as determined by mRS score (0-3) at postoperative 3 months (p ＝ 0.004) and 6 months (p ＝ 0.003) were found in patients with successful evacuation (Fig. 6) .
Discussion
Although previous studies have covered a wide range of issues related to the achievement of good overall outcome for patients with sylvian hematoma secondary to rupture of aneurysm, 1, 15, 22, 28) little attention has been paid to one potential prognostic factor, mode of clot removal (e.g., microsurgical removal with an irrigation system, surgeon's skills, and extent of evacuation). Patients with sylvian hematoma often develop severe ipsilateral cerebral swelling in the early period (days 1-7 [average, day 4]) after SAH onset. 15) This is presumably attributable to vasogenic edema caused by hematoma expansion and surgical manipulation, and may cause the high incidence of vasospasm-induced cerebral infarction. In fact, 82% of 17 cases of extensive removal of sylvian hematoma developed serious brain edema, which may have been related to surgical maneuvers such as brain retraction or venous injury. As retraction with pial and cortical contusion/disruption is often reported to be an unavoidable consequence in the evacuation of sylvian hematoma, 21) effective surgical treatment of these patients remains a great challenge. Sylvian veins compressed by packed hematoma may also contribute to edema formation.
In this study, severe brain edema potentially requiring subsequent decompressive surgery was not encountered even after sylvian hematoma evacuation, and the rate of occurrence of vasospasm-related cerebral infarction was also much lower than in the previous study. 15) This might be explained by our consistent strategy of performing extensive removal of hematoma in the early period in conjunction with coagulation of injured subpial vessels to establish adequate reduction of mass effect with minimal injury to surrounding brain tissue. The present findings support the effectiveness of early surgical removal of sylvian hematoma in the management of ICP, microvascular circulation after aneurysm rupture, and associated progression of hematoma.
Our findings suggest that residual hematoma and associated mass effect are important in the etiology of vasospasm and focal neurological deficits following SAH. Massive sylvian hematoma may cause marked mechanical stress resulting in structural changes and biochemical alterations, and thus promote vasospasm at the levels of the vascular endothelium and smooth muscle cells. 7, 13) Continued release of vasoconstrictive substances from residual hematoma could directly trigger these changes. Successful hematoma evacuation is therefore likely to significantly reduce the incidence of symptomatic vasospasm and associated infarction. The improvements in motor function demonstrated after evacuation suggest that the mass effect of sylvian hematoma is reversible within certain time limits and a T. Mutoh et al.
form of primary brain damage due to aneurysm rupture. Prophylactic decompressive craniectomy, as performed in this study, might be effective in providing immediate and sustained control of ICP in patients with poor WFNS grade after SAH associated with massive sylvian hematoma from MCA aneurysms who were already suffering significant mass effect and brainstem compression at the time of initial surgery. 3, 22) The outcomes of extensive clot removal as assessed by mRS were found to be encouraging. A good outcome (mRS 0-3) was obtained by 13 of 16 patients (81%) at the 6-month follow up, suggesting that a relatively good quality of life can be expected postrehabilitation in patients who have undergone successful hematoma evacuation. This compares favorably with the results of other studies, 3, 17, 19, 21, 22, 28) even though the majority of our patients did not have a large sylvian hematoma (À30 ml volume), which has been reported as an important cutoff point related to outcome of ICH. 2, 8, 14, 18) Given that the sylvian hematoma is selfexpanding and associated with bleeding from the subpial vasculature and related cortical injury, early referral with good clinical grade and urgent surgery (time from symptom onset to surgery in the present study was 7.9 ± 3.6 hrs) may have contributed to our better functional outcomes. Surgery should comprise extensive clot removal and coagulation of subpial bleeding prior to the development of irreversible brain damage.
There are several limitations to the present study. The retrospective review introduces bias; the sample size is small and so lacks power; and as a single-center study lacks external validity. Thus, our findings might not be directly applicable to other situations or to patients other than the population enrolled (e.g., larger sylvian hematoma). However, when we focus on the direct effect of surgical procedure on treatment outcomes, our data may provide an advantage in evaluating hematoma evacuation itself, since the clinical management for SAH patients throughout the study period strictly adhered to the consistent protocol established at this institution.
In conclusion, our findings indicate that better clinical course and outcomes can be expected in patients who undergo early evacuation of sylvian hematoma with surgical clipping of a ruptured MCA aneurysm. A prospective study is needed to confirm our strategy and to determine further criteria for patient selection. 
Commentary
The authors have to be congratulated on presenting a series of patients with SAH and intra-axial hematoma. More than 20 years ago, we started with operating ruptured aneurysms in the acute stage. Ever since, it has been clear that evacuation of the blood clot from subarachnoid space (SAS) and/or from the intra-axial compartment around the aneurysm(s) is an equally important part of surgery as is clipping of the aneurysm itself. It is clear that one cannot have an influence on the initial brain damage due to SAH and resulting hematoma, but with complete removal of the hematoma and correct clipping of the aneurysm by preservation of the blood flow, the circulation of the CSF is reestablished, and the blood vessels handled accordingly will also develop much less vasospasm than without appropriate extirpation of the blood clot from the SAS. In addition, personally, I have been convinced that with opening of the third ventricle by cutting the lamina terminalis, the circulation of the CSF can be further improved and the rest of the blood in the SAS is more successfully washed-out. Whatever is the cause of vasospasm, there is no doubt that degrading products of extravasated blood do change the pH of the CSF, which additionally does affect the adventitia innervation of the intracranial blood vessels. Of course, the factor of time is also important; the sooner the better for evacuation of the blood clot. There can be no doubt additional supportive treatment for such patients is necessary and is very beneficial. Now the question is how far one can go, and which is the initial status that still promises a good outcome. My practical answer will be -instead of waiting for amelioration of the initial status of a patient with a ruptured aneurysm and large blood clot, it is much better to act as soon as possible. The authors are talking about brain edema; however, I have to admit that -also thanks to good neuroanesthesia -personally I did not encounter such a problem when operating ruptured aneurysms in the acute stage. Personally, I have operated more
